INTRODUCTION {#sec1-1}
============

Urolithiasis is a common problem with an increasing incidence worldwide.\[[@ref1]\] It leads to significant loss of work hours due to the morbidity and has a huge socioeconomic impact on the population.\[[@ref2]\] There are multiple minimally-invasive modalities for treatment of renal stones, namely, shock wave lithotripsy (SWL), flexible ureterorenoscopy (f-URS), and percutaneous nephrolithotomy (PCNL).\[[@ref3]\]

The ideal management in renal stones is complete stone clearance in a single sitting, which is not always achieved despite the advancements in optics, technology, and lasers. The tract size has decreased considerably in the newer minimally-invasive modalities of PCNL such as mini-PCNL,\[[@ref4]\] ultra-mini PCNL (UMP),\[[@ref5]\] and micro-PCNL,\[[@ref6]\] but concerns remain about small fragments produced with laser lithotripsy migrating to other parts of the pelvi-calyceal system. Keeping this in mind, we have devised a new technique of PCNL termed "Superperc" utilizing suction to remove all the fragments and maintaining low intrapelvic pressure and keeping one-way flow. This method utilizes a specially designed sheath with suction attachment. Except this sheath, this technique does not require any special equipment and is performed using a pediatric ureteroscope (4.5/6.0 F, Richard Wolf, Germany) as the nephroscope. Here, we describe the technique in detail and assess its feasibility as a new entrant in the present armamentarium for minimally-invasive PCNL.

METHODS {#sec1-2}
=======

This was a prospective observational study involving 52 consecutive patients who underwent PCNL with the Superperc technique from April 2014 to June 2015. The inclusion criteria were unilateral renal stones in adults (age \>18) with no bleeding diathesis. Any patient with a urinary tract infection was treated before the procedure with intravenous antibiotics till urine culture was sterile. Preoperative investigations included blood counts, renal function tests, electrolytes, bleeding parameters, and urine culture. Stone burden was evaluated using a multi-slice helical computed tomography (CT) scan. All patients provided written, informed consent before the procedure. Demography, operative parameters, and outcomes were analyzed in the study. All patients had postoperative plain X-ray before discharge from the hospital, and follow-up ultrasound examination/NCCT at follow-up visit at 1 month.

 {#sec2-1}

### Surgical technique {#sec3-1}

Superperc works on the principle of maintaining a one-way flow of fluid and utilizing suction to remove small fragments produced during laser fragmentation. Superperc uses a 10/12 F, specially designed sheath (Shah sheath) with suction mechanism and a pediatric ureteroscope (4.5/6 Fr, Richard Wolf) as nephroscope.

The Shah sheath has three components, the cannula, suction master, and the obturator \[[Figure 1](#F1){ref-type="fig"}\]. The cannula has an inner diameter of 10 *F* and outer diameter of 12 F. It is available in different lengths ranging from 8 to 20 cm. Suction master has a large outlet to which suction cannula is attached \[[Figure 2](#F2){ref-type="fig"}\]. There is a provision to control the suction in the system. The main port has a silicon valve mechanism to make it water and air tight, through which the telescope enters, without changing the negative pressure inside the suction master. A 10 F obturator cum dilator is used to place the sheath assembly after an initial puncture is obtained.

![Shah Sheath with different length cannulas](IJU-33-48-g001){#F1}

![Shah Sheath with suction attached](IJU-33-48-g002){#F2}

The procedure was performed under general anesthesia. Initially, the patient was placed in lithotomy position and a 6 Fr ureteric catheter with multiple side holes in the terminal 10 cm was positioned in the pelvi-calyceal system under cystoscopic and fluoroscopic guidance. The distal end of the ureteric catheter was connected to normal saline solution for a continuous inflow of saline. A 14/16 Fr Foley\'s catheter was placed for bladder drainage and the patient was turned prone.

The initial puncture was obtained using USG/fluoroscopic guidance by a standard bull\'s eye technique over the desired calyx and a guidewire was introduced. Tract dilation was done with a single-step screw dilator and the corresponding Shah Sheath was introduced into the desired calyx. The suction master was then attached to the cannula and the telescope was introduced \[[Figure 3](#F3){ref-type="fig"}\]. The stone was fragmented completely with holmium laser (Lumenis, USA) with a 365 micron end-firing laser fiber at power setting ranging between 12 and 50 W (0.8--1.5 Joules, 15--40 Hz). The fragments were aspirated out through the suction master as the flow in the PCS was from the ureteric catheter towards the sheath, thereby pushing all fragments toward the sheath. Once the stone was cleared, the clearance was confirmed with direct nephroscopy and fluoroscopy. A DJ stent was placed or the ureteric catheter left overnight for drainage. Nephrostomy tube was not routinely placed.

![Whole assembly of Superperc with nephroscope inserted into the Sheath](IJU-33-48-g003){#F3}

RESULTS {#sec1-3}
=======

A total of 52 patients underwent Superperc from April 2014 to June 2015, including 33 male (63.4%) and 19 female (36.5%) patients. Mean age was 41.8 ± 14.8 years (range 6--84 years). 30 were left-sided and 22 were right-sided renal units. Thirty-three renal units (63.4%) had single stone, whereas 19 renal units (36.5%) had multiple calculi. The mean stone burden was 19.1 ± 7.1 mm (range 10--37 mm) \[[Table 1](#T1){ref-type="table"}\].

###### 

Demographic variables

![](IJU-33-48-g004)

Twenty-seven renal units had upper calyceal puncture, whereas 12 had middle, and 8 lower calyceal punctures. Only five patients required a secondary puncture, whereas two cases required conversion to a larger tract size. All stones were fragmented using laser. Double-J stent was placed in 20 patients (38.4%), whereas in 32 patients (61.5%), only the ureteric catheter was left indwelling overnight. Only 3 patients required nephrostomy tube due to bleeding at the termination of the procedure.

The stone clearance rate in our study was 96.15%. Mean operative time was 40.98 ± 12.09 min (range 26--92 min). Mean hemoglobin (Hb) drop was 0.32 ± 0.31 g/dl (range 0--1.6 g/dl). None of the patients required blood transfusion. Mean hospital stay was 31.53 ± 11.78 h (range 22--76 h) \[[Table 2](#T2){ref-type="table"}\]. 3 patients developed fever and one had significant hematuria and all of them were managed conservatively. At minimum follow-up of 6 months, all the patients were doing well without any significant complications.

###### 

Operative and postoperative outcomes
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DISCUSSION {#sec1-4}
==========

The best therapeutic approach for 1--2 cm renal stones is still under debate. The European Association of Urology guidelines recommend different treatment strategies for renal calculi in different sizes and locations.\[[@ref3]\] While endourological procedures such as PCNL and retrograde intrarenal surgery (RIRS) are accepted as the first-line treatment modality for stones larger than 2 cm in diameter, SWL is preferred for smaller renal stones. The objectives of high stone clearance, minimal invasiveness, short treatment time, and reduced costs are of great interest in determining the treatment strategy, especially in populations with limited resources.

PCNL is a better treatment modality than SWL in terms of stone clearance and is not affected by anatomical factors. Albala *et al*. compared outcomes of PNL and SWL in lower calyx stones. The stone-free rate was reported to be 90% and 59%, respectively.\[[@ref7]\] Similarly in another randomized study by Lingeman *et al*., comparing SWL and PNL for renal calculi ≤3 cm, success rates of PNL for lower calyx stones were significantly higher than with SWL.\[[@ref8]\]

RIRS with the new generation flexible ureterorenoscopes has emerged as a preferred management option for low-volume renal stones in recent years. However, like SWL, the success of f-URS significantly decreases in cases of unfavorable anatomical factors such as a long, lower calyx infundibulum and acute infundibulopelvic angle (\<30°).\[[@ref9]\] The success of f-URS is reported to be higher than for SWL but lower than for PCNL.\[[@ref10][@ref11]\] Regardless of the high stone-free rate, PNL has a statistically higher complication rate than RIRS and SWL for medium sized renal stones (13.19%, 5.26%, and 3.16%, respectively; *P* \< 0.05).\[[@ref11]\]

A study comparing UMP with f-URS found no significant differences in operating times (UMP vs. f-URS: 121/102 min), hospital length of stay (2.3/2.0 days), SFR (84/87%), and complications (7/7%). However, the costs for disposable materials and endoscopes were less with UMP than with f-URS.\[[@ref12]\]

With the advent of newer technology in optics and lasers, plenty of options in the form of mini PCNL (MIP),\[[@ref4]\] UMP\[[@ref5]\] and micro PCNL\[[@ref6]\] have come up. These have achieved good success rates with lower complication rates as compared to conventional PCNL owing to the size of the tract. Mini-PCNL performed through 20 Fr tract was introduced by Jackman *et al*.\[[@ref13]\] and Helal *et al*.\[[@ref14]\] especially for pediatric cases. In Mini-PCNL the stone fragments are washed out by the turbulence of irrigation fluid, the so-called "eddy-current" effect, and the intra-pelvic pressure is expected to remain low due to open-ended Amplatz sheath. However, Superperc offers the same benefits by assisting removal of stone fragments by suction during and after laser lithotripsy. In this study with Superperc we achieved a stone-free rate of 96.15% and a complication rate of 5.7% only.

The study by Desai and Solanki on UMP\[[@ref5]\] on 62 patients achieved a stone-free rate of 86.6% which was comparable to our stone-free rate of 96.1%. The mean Hb drop in UMP study was 1.4 g which was more than 0.3 g reported in our study. The mean hospital stay was comparable in both the studies (1.2 day vs. 31.5 h). Our technique of Superperc is closest to UMP technique in terms of puncture, dilatation, tract size, and fragmentation. However, the mode of stone fragments removal in the form of suction in Superperc is different from the dependence on eddy currents in UMP. We feel the suction technique give a more efficient and complete stone clearance.

The microperc technique developed by Desai *et al*.\[[@ref6]\] utilizes an all-seeing needle for initial puncture and stone fragmentation with laser. The tract size is 4.8 Fr and there is no tract dilatation. The advantages offered are a negligible chance of blood loss. However, limitations include the possibility of rise in intra-pelvic pressure as there is no outflow tract except for ureteric catheter and the likelihood of stone fragments settling down in the PCS. In a study reporting outcomes of microperc for lower calyceal stones of mean size 17.8 mm,\[[@ref15]\] the stone-free rate achieved was 85.7%, whereas complications rate was 9.5%. The limitations observed in the study were the inability to remove fragments, the risk of increased intrarenal pressure, low optic resolution, and a fine-needle shaft that hinders excessive torque.

We have termed this new technique "Superperc" as we consider it a superior version of PCNL as it consists of a relatively closed system with an added suction mechanism. The suction mechanism is outside the telescope, thereby allowing use of the working channel continuously for laser fragmentation. The advantage of the multi-hole ureteric catheter with continuous inflow is that there is no reduced flow and no compromise in visibility whenever the working channel is occupied. In a conventional PCNL, the irrigation fluid goes in via the working channel which can get compromised while using a grasper or laser fiber, whereas there is no such limitation in "Superperc."

The limitations of our study include the relatively small sample size and a single case series without any comparison group. We need to compare Superperc with other minimally invasive techniques such as microperc and UMP on one hand and with flexible ureteroscopy on the other hand in prospective randomized studies to draw proper conclusion regarding the right place of this new technique in the vast armamentarium available now for treatment of small and medium-sized renal stones.

CONCLUSION {#sec1-5}
==========

Superperc is a new technique of Minimally-Invasive PCNL and can be successfully performed with minimal modification in armamentarium, with the potential advantage of good stone clearance. The initial results are promising, but it requires further comparison in a prospective controlled manner to understand its proper place.
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